major reservoir of this diversity. In the classical attempt to understand the processes 23 supporting biodiversity, ecologists are currently seeking to unravel the differential roles 24 of environmental filtering and competition for resources in niche partitioning processes: 25 these processes are in principle distinct although they may act simultaneously, interact 26 at multiple spatial and temporal scales, and are often confounded in studies of soil 27 communities. We used a novel combination of methods based on stable isotopes and 28 trait analysis to resolve these processes in diverse oribatid mite assemblages at spatial 29 scales at which competition for resources could in principle be a major driver. We also 30 used a null model approach based on a general neutral model of beta diversity. A large 31 and significant fraction of community variation was explainable in terms of linear and 32 periodic spatial structures in the distribution of organic C, N and soil structure: species 33 were clearly arranged along an environmental, spatially structured gradient. However, 34 competition related trait differences did not map onto the distances separating species 35
Introduction 45
The classical view of communities and the assembly processes forming them has 46 historically been dominated by the approaches pioneered by the founders of niche 47 7 software LAS. Each species was assigned a size score based on the average length 149 obtained from a number of replicated measurements (mean number of measurements per 150 species = 85; median number of measurements per species = 30). Soil water content was 151 measured as the difference between the weights of fresh vs. dried soil (soil dry weight, 152 SWD), with samples collected at field capacity. Soil pH was measured in a soil-water 153 suspension, where 3 g of soil and 15 ml distilled H2O were mixed and stirred. The 154 measurement was conducted in the supernatant until the value remained constant. 155
Organic carbon (C) and total nitrogen (N) were measured by direct combustion of 30 mg 156 of soil in a Euro EA Element Analyzer (HEKAtech GmbH, Wegberg, Germany). Mean 157 weight diameter (MWD) was calculated as the weighted sum of the proportion of soil 158 particles and aggregates in each size class (2-4 mm, 1-2 mm, 0.5-1 mm and 0.2-0.5 mm), 159 determined by dry sieving of the soil. 160 161
Stable isotope analysis 162
Specimens were transferred into tin capsules. Rare (e.g. Carabodes willmanni) or smaller-163 sized species (e.g. Microppia minus) required the pooling of several individuals to reach 164 the biomass necessary to the analysis. After drying at 60°C for at least 12 h, samples were 165 reweighed and stored in a desiccator until further analysis. The same procedure was used 166 to prepare samples of nematodes, extracted from fresh soil by using a modified Baermann 167 funnel method. Soil, mosses, lichens, roots, and plant material were ground and subjected 168 to the same procedure (root and plant material 1.0 -1.5 mg, soil 34.1 -35.3 mg). We 169 
Data analysis 180
We used stable isotopes to focus on a diverse but narrowly defined trophic assemblage. 181
We based the definition of 'relatively narrow trophic assemblage' on the concentration 182 which led some authors to define the concept of isotopic niche (Newsome et al., 2007) . 190
Eventually (see results) we could define a set of 18 species that potentially competed for 191 fungal resources, and we focused our analysis on this assemblage. 
Environmental variation 260
PCA of environmental variables ( Fig. 1 ) summarised more than three quarters of total 261 variation in the first two axes. Although all variables have some effect on all PCA axes, 262 PC1 (53%) described a main gradient mostly due to organic matter (organic C and total 263 N) and soil structure (Mean Weight Diameter, MWD) while PC2 (24%) mostly 264 accounted for a negative covariation between water content and C:N ratio. Consistently 265 with the construction of our sampling strategy, the gradients were maximised along the 266 up-to down-hill direction, with some variation between the two sampling plots 267 (Supplementary Material, Table S1 ): the gradient in organic matter and soil structure 268 was more pronounced in Plot 1 while the negative correlation between water and C:N 269 was more pronounced in Plot 2. There was no significant difference between spring and 270 autumn samples for either plots (Supplementary Material, Fig. S1 ). Absolute variation 271 in individual soil variables was remarkable in some case: for example, organic C 272 content ranged from 0.15 to 3.49%, total N from 0.01 to 0.26%, and pH from 4.8 to 8.9, 273 and these ranges were comparable between the two plots. 274 275
Oribatid mite assemblage and isotopes 276
In total, we collected 2,397 adult Oribatids of 33 species belonging to 18 families. The 277 most abundant species in both seasons were Liebstadia pannonica, Punctoribates 278 punctum and Peloptulus phaenotus. There were five species (Achipteria coleoptrata, 279
Carabodes willmanni, Trichoribates novus, Galumna obvia, and Minunthozetes 280
semirufus) that were present with few individuals (1 to 4) only in one of the two 281 seasons. Rarefaction curves (not shown) confirmed that the sampling effort was 282 sufficient to describe the overall richness of the oribatid community. We obtained perforates and M. semirufus, the group affiliation was not clear. We consider P. 295
perforates to be a mycophagous species and M. semirufus a moss feeder but definitive 296 evidence is missing. The feeding preferences of T. novus remain unclear. 297
Based on these data, we defined a group of 18 species (Table 1; Supplementary  298 Material, Table S2) in the broad category fungal feeder/secondary decomposers: several 299 of these species can in principle compete for shared resources. We focused our 300 modelling and hypothesis testing on this assemblage. 301 302
Hypothesis testing 303 13
The RDA showed that PCNM-based spatial factors and environmental factors (PC1 and 304 PC2 from PCA of environmental variables, see Fig. 1 ) could account for 31% of total 305 community variation, the total effect of these factors being statistically significant at p < 306 0.01 following a permutational test. However, variance partitioning showed that 21% of 307 this variation was attributable to spatial patterns in the environmental variables while 308 10% were accounted for by statistically significant (partial RDA, p < 0.05) spatial 309 patterns not related to environmental variation. Less than 1% of variation was 310 explainable in terms of environmental variation that was not spatially structured and this 311 variation was not statistically significant. A RDA based just on environmental factors 312 (i.e. implicitly including spatial structures) accounted for 22% of total variation, the 313 effect of the environment being significant at p < 0.01. To test for the factor season, we 314 extracted the residuals of the first, main RDA model and submitted these to a 315 PERMANOVA test, which showed a significant effect of season (F1, 78 = 4.17, p < 316
0.01). 317
Introducing the season factor in the RDA increased total explained variation to 44%. A 318 permutation test showed that the first five RDA axes were significant at p < 0.01 and 319 these axes were therefore retained to define the niche space (i.e., based on spatial and 320 temporal distance, which we, given our result, basically understand as the 321 environmental or Grinnellian component of a species niche). A plot of the first two 322 RDA axes (Fig. 2) and the main environmental gradients (based on PCA of 323 environmental variables) showed that the first RDA axis is driven by a gradient in 324 organic matter and soil structure. This gradient is associated with a certain species set 325 while the second axis is driven by a second gradient due to the negative covariation of 326 soil water and C:N. This second gradient is associated to a species set other than that 327 associated to the first gradient. Size and the 15 N signature were negatively and 328 significantly correlated with each other but scarcely correlated with the major 329 14 environmental gradients, although a positive and significant correlation was detected 330 between 15 N and RDA1 (Fig. 3) . After standardization, a Euclidean distance matrix was 331 calculated from the Grinnellian niche space and correlated to the species trait distance 332 matrix (based on 15 N, 13 C, size and depth distribution) via a Mantel test: no significant 333 correlation was found (Fig. 4) , which is inconsistent with the limiting similarity 334
hypothesis. 335
None of the tested assemblages differed significantly from a neutral model for beta 336 diversity ( Supplementary Information, Fig. S3 ; whole assemblage, spring: p = 0.10; 337 whole assemblage autumn: p = 0.16; fungal feeders spring: p = 0.07; fungal feeders 338 autumn: p = 0.10, see Table S4 for the estimate of neutral model parameters). However, 339 in all cases we observed assemblages with beta diversity higher than expected under 340 neutrality (Fig. S3) , and this trend was more pronounced in the fungal feeder group. 341 342
Discussion 343

Differences between environmental filtering and competition 344
In recent works investigating the role of deterministic and stochastic drivers of soil is in this general framework that we interpret our results: when biotic interactions start 369 to be a fundamental driver and predictor of community structure neutral theories should 370 be abandoned. Specifically, neutral theories directly contrast with resource-based niche 371 partitioning processes. A first consideration is therefore that not all biological 372 interactions should be considered, especially multitrophic interactions, which, apart 373 from possible future developments, are usually outside the realm of application of 374 neutral theories (Hubbell, 2005 (Hubbell, , 2001 ). For the first time, we have focused on a soil 375 animal assemblage that was trophically defined by the use of stable isotopes of N and C. 376
In doing so, we could start from the empirically validated assumption that competition 377 for resources is a fairly valid possibility within the analysed assemblage. The small 378 scale of the study also allowed us to assume that dispersal limitation, while still a 379 possible factor given the size of our animals (Ettema and Wardle, 2002), should play a 380 minor role. As shown by the analysis of the soil, communities were sampled along steep 381 environmental gradients in a very short distance. Accordingly, we observed a strong, 382 spatially structured correlation between environmental gradients and the structure of the 383 species assemblage. We can therefore conclude that the assemblage was subjected to 384 environmental filtering. This result might imply that species living in different 385 environmental patches spatially segregate to avoid competition locally. However, by no 386 means can this result in itself be considered evidence of resource-based niche 387 partitioning, which should also explain coexistence locally. This is an observational 388 study: in order to reject non-neutral dynamics and find strong evidence of resource-389
based niche partitioning, we should have rejected neutral prediction of beta diversity 390 and detected patterns consistent with the limiting similarity hypothesis along the 391 environmental gradient, including the local scale of the assemblage inhabiting 392 individual soil cores. Instead, neither could we reject neutral predictions of beta 393 diversity nor could we find patterns consistent with the limiting similarity hypothesis. 394
Observed beta diversity of the assemblage was higher than neutral predictions, as 395 employed we have been able to isolate a narrowly defined trophic assemblage (i.e. 432 guild) but we might not have been able to differentiate trophic differences within this 433 18 assemblage. Natural variability in isotopic signatures may also suggest high 434 intraspecific variability in feeding strategies. This could be especially true for different 435 developmental stages. We are aware of data at this level for one species only (Schneider 436 et al. 2004 ) and these data suggest small differences between adults and nymphs but 437 other species could definitely vary their diet depending on developmental stage. The 438 interesting point is that high intraspecific variability can imply broad interspecific niche 439 overlaps at the species level, opening the way to neutral assembly processes. The same 440 arguments apply to temporal variation in species soil depth and may imply a theoretical 441 scenario for which levels of competition vary in space (both horizontally and vertically) 442
and time as a function of fluctuations in population densities. 443
Another limit of our study is that we might not have included all the species relevant to 444 the analysed assemblage. We focused on fungal feeder/secondary decomposer oribatid 445 mites, which is by far the most diverse and abundant group of microarthropods together 446 with collembolans. However, there are other fungal feeders/secondary decomposers in 447 soil, for example collembolan species. We cannot exclude that competition for 448 resources would have been a strong driver of an assemblage that included all the species 449 competing for a limited set of resources. 450
Finally, our multivariate analysis suggested that seasonal variation is potentially a key 451 niche dimension although our study is deficient in terms of temporal replication. 452
Species competing for similar resources could peak at different times of the year to 453 avoid competition, basically for the same principle for which competing species may 454 segregate spatially. Nevertheless, only future studies will tell whether the observed 455 temporal patterns depend on a temporal form of environmental filtering (e.g. Euclidean distance between any two species in the vectorial space defined by RDA axes 668
